Burkholderia cenocepacia TAtl-371 was isolated from the rhizosphere of a tomato plant growing in Atlatlahucan, Morelos, Mexico. This strain exhibited a broad antimicrobial spectrum against bacteria, yeast, and fungi. Here, we report and describe the improved, high-quality permanent draft genome of B. cenocepacia TAtl-371, which was sequenced using a combination of PacBio RS and PacBio RS II sequencing methods. The 7,496,106 bp genome of the TAtl-371 strain is arranged in three scaffolds, contains 6722 protein-coding genes, and 99 RNA only-encoding genes. Genome analysis revealed genes related to biosynthesis of antimicrobials such as non-ribosomal peptides, siderophores, chitinases, and bacteriocins. Moreover, analysis of bacterial growth on different carbon and nitrogen sources shows that the strain retains its antimicrobial ability.
Introduction
Few years ago, it was suggested that the genus Burkholderia comprised different lineages [1, 2] . Currently, Burkholderia sensu lato has been divided into Burkholderia, Paraburkholderia, Caballeronia, Robbsia andropogonis, Trinickia and Mycetohabitans [3] [4] [5] [6] . Among Burkholderia sensu stricto, there is a group of 24 closely related species called the Burkholderia cepacia complex (Bcc) [7] . The Bcc shares high similarity (> 97.5%) in the 16S rRNA region of the rrs gene and variable DNA-DNA hybridization values (30-60%) [8] . Bcc strains are versatile organisms, which are known as opportunistic pathogens in patients with cystic fibrosis (CF) but are also widely distributed in different environments including the rhizosphere of different crops [9] . Bcc members produce multiple antimicrobial compounds, which were reviewed by Depoorter et al. [10] .
Burkholderia cenocepacia TAtl-371 was isolated from the rhizosphere of tomato growing in Atlatlahucan, Morelos, Mexico, and it was originally identified as Burkholderia unamae [11] . However, resequencing the 16S fragment in addition to sequencing the recA gene showed that the strain belonged to the Bcc [12] . This was confirmed by performing a phylogenetic analysis using a fragment of genes atpD-gltB-recA-lepA-gyrB-phbB-trpB-16S following our previous work (Fig. 1) [2] . This species exhibits a broad antimicrobial spectrum, which targets soil and nodulating bacteria, human and plant pathogenic bacteria, and also human opportunistic bacteria, yeast, and phytopathogenic fungi [12] . The aim of sequencing the B. cenocepacia TAtl-371 genome was to identify genes related to the biosynthesis of antimicrobial compounds in order to achieve a deeper understanding of the broad antimicrobial spectrum of this strain. This antimicrobial ability was retained even by growing the bacterium in different carbon and nitrogen sources. The B. cenocepacia TAtl-371 strain could be considered a source of antimicrobials for different biotechnological applications, including the biocontrol of phytopathogens, although more studies are needed because of its genetic similarity to CF strains. The genome sequence was obtained in cooperation with the DOE-JGI in USA.
Materials and Methods

Phenotypic Analysis
The phenotypic features tested were cell shape and size using transmission electron microscopy of negatively stained cells. The strain was grown on LB medium, cells were cultured by centrifugation at 3000 rpm, washed with PBS, exposed to glutaraldehyde for 1 h, and finally washed and resuspended in PBS. A drop of the suspension was placed on a formvarcoated copper grid and air-dried for 20 min to allow the cells to adhere. The grid was then covered for 20 s with a solution of 0.5% uranyl acetate. The excess liquid was removed with a filter paper and then air-dried. A JEOL JEM-1010 transmission electron microscope, operated at 60 kV, was used to observe and photograph negatively stained preparations. Colony morphology was recorded in LB, TSA, and PDA growing the strain at 30 °C for 3 days. The optimal growth temperature was tested on PDA at 30, 37, and 42 °C. The resistance to tetracycline (10 mg l −1 ), chloramphenicol (10 mg l −1 ), kanamycin (100 mg l −1 ), and gentamycin (20 mg l −1 ) was tested on LB medium. The production of siderophores, phosphate solubilization, and nitrogen fixation was tested as previously described [11] .
Antagonism of Strain TAtl-371 in Different Culture Media
The antimicrobial activity of strain TAtl-371 was tested on rich and mineral media using Tatumella terrea SHS 2008 T as an indicator strain. The rich media used were LB, TSA, and PDA. The mineral media contained the following carbon sources (5 g l −1 ): xylose, fructose, dextrose, galactose, lactose, maltose, sucrose, mannitol, dextrin, starch, sodium citrate, ascorbic acid, azelaic acid, malic acid, and succinic acid. These were combined with the following nitrogen sources (0.2 g l −1 ): ammonium acetate, ammonium chloride, ammonium phosphate, ammonium nitrate, potassium nitrate, ammonium sulfate, and urea. The strain was spotted on the agar media and the antagonism was tested as it was
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B. catarinensis 89 (GCA_001883705) T was used as outgroup. The tree is based on atpD-gltB-recA-lepA-gyrB-phbB-trpB-16S gene sequence alignments and was performed by the maximumlikelihood (ML) method with the General Time Reversible model using PhyML [13] . Bootstrap values inferred from 100 replicates are shown at nodes. The tree was visualized with program MEGA 6 [14] . All strains used have a sequenced genome. The GenBank assembly accession number of each sequence is in brackets described previously [12] . Experiments were performed in triplicates.
Genome Sequencing
Burkholderia cenocepacia TAtl-371 was grown in 5 ml of LB without NaCl at 30 °C for 18 h at 120 rpm. The DNA extraction was done using the Invitrogen Purelink™ Genomic DNA Mini Kit. The purified DNA was monitored for integrity by gel electrophoresis, and then sent to the JGI for sequencing. The draft genome was generated at the DOE-JGI using the PacBio sequencing technology [15] . The details of genome sequencing have been published elsewhere [16] .
Genome Analysis
The genome sequence of B. cenocepacia TAtl-371 was explored for genes responsible for the synthesis of antimicrobial compounds. This strain proteome was used to compare selected proteins like bacteriocins, non-ribosomal peptides, and hydrolytic enzymes, which were the base for Hidden Markov Models (HMM) [16] . Orthologs of B. cenocepacia TAtl-371 antimicrobial related genes were identified in genomic-related strains using BLAST and the gene ortholog neighborhoods search tool of the integrated microbial genomes (IMG) platform. Besides, an analysis of the neighborhoods of these genes and their synteny with other bacterial genomes was carried out. The genome of TAtl-371 was also compared to B. cenocepacia strains HI2424, AU1054, MC0-3, and J2315 T , using the Mauve Genome Alignment v2.3.1 with the progressive Mauve algorithm [17] .
Results
Phenotypic Analysis
Burkholderia cenocepacia strain TAtl-371 is a motile, Gram-negative, and strictly aerobic. The rod-shaped form varies in size with dimensions of 0.5-0.7 µm in width and 1-2 µm in length (Fig. 2) . Cells grow fast in PDA, LB, and TSA at 30 °C. Colonies on LB and TSA are uniform 1-3 mm diameter, circular, convex, with entire smooth edges, shiny, non-pigmented (cream), and opaque. On PDA, colonies are irregular, with undulate margins, smooth, shiny, nonpigmented (white), opaque, and moderately mucoid. The optimal growth temperature is 30 °C; however, it can grow at 37 °C and 42 °C. The bacterium has natural resistance to tetracycline (100 µg ml −1 ), chloramphenicol (60 µg ml −1 ), kanamycin (600 µg ml −1 ), and gentamicin (60 µg ml −1 ). The strain produces siderophores, but phosphate solubilization is minimal and it lacks the ability to fix nitrogen.
Antagonism in Different Culture Media
Burkholderia cenocepacia TAtl-371 presents a wide antimicrobial activity, inhibiting several microorganisms [12] . The antibacterial activity of strain TAtl-371 was tested on different culture media using T. terrea SHS 2008 T as an indicator strain. The results showed that strain TAtl-371 keeps the activity on the three rich media and in most of the carbon and nitrogen sources used, except for the following combinations: ascorbic acid with ammonium acetate, ammonium chloride, ammonium phosphate, and potassium nitrate; starch with ammonium phosphate, ammonium nitrate, ammonium sulfate, potassium nitrate, and urea; azelaic acid with ammonium phosphate, nitrate, potassium nitrate, and urea; dextrin with potassium nitrate and urea (Table 1) . Urea was not very useful as a nitrogen source for the strain TAtl-371 antibacterial activity. These results showed the great ability of B. cenocepacia TAtl-371 to produce antibacterial activity in different media.
Genome Features
The B. cenocepacia TAtl-371 genome comprises three scaffolds with a total size of 7,496,106 bp and a GC content of 67.01%. A total of 6,821 genes were predicted of which 6722 (98.55%) are protein-coding genes, 62 (0.91%) are pseudogenes, 99 (1.45%) RNA genes (18 rRNA genes and 67 tRNA genes). The majority of the protein-coding genes (5554) (81.43%) were assigned to a putative function and 1168 (17.12%) were annotated as hypothetical proteins.
Genome Analysis
Genome analysis showed several genes involved in the biosynthesis of numerous antimicrobial compounds, including the siderophores ornibactin and pyochelin (Table S1) , which have been identified in other B. cenocepacia genomes as the most common siderophores produced by this species [18] . The biological activity described for pyochelin is for iron uptake and antibacterial activity [19] . Recently, bacteriostatic activity of ornibactin and its role in regulating the production of bactericidal metabolites was reported [20] . Bacteriocins are ribosomally synthesized proteinaceous compounds that inhibit the growth of bacteria that are closely related to the producer strain [21] . The B. cenocepacia TAtl-371 genome contains two genes encoding lectinlike bacteriocins (d-mannose binding lectins), namely LlpA1 and LlpA2 (Table S1 ). These tandemly organized genes are homologues to LlpA-like genes found in other B. cenocepacia strains [22] . The antimicrobial activity of B. cenocepacia LlpAs has been reported for Burkholderia ambifaria, Burkholderia anthina, B. cenocepacia, and Burkholderia metallica [22] . B. cenocepacia TAtl-371 recombinant LlpA88 (gene locus tag Ga0073272_0088) antibacterial activity was also determined by our research group against B. ambifaria, B. anthina, B. cenocepacia, and B. metallica [12] . A 22.621 kb region in scaffold Ga0073272_11 showed an identity of 91.7% with the 23 kb contig reported in B. cenocepacia BC0425 draft genome, which encodes a characterized phage tail-like compound (tailocin), named BceTMilo [23] . According to GOLD IDs, the region comprising from Ga0073272_1502 to Ga0073272_1528 in TAtl-371 encodes 27 coding genes related to the biosynthesis of a putative tailocin (Table S1 ). Genome mining and annotation analysis performed in this study showed that this region actually encodes 30 genes reported for the biosynthesis of BceTMilo (data not showed). This gene cluster could be related to the antimicrobial spectrum of TAtl-371 against Bcc, non-BccBurkholderia, Pseudomonas species, and fungi, similar to the broad-host-range reported for BceTMilo [23] . Chitinases are glycosyl hydrolases that catalyze the hydrolytic degradation of chitin, one of the major constituents of cell walls of a variety of fungi [24] . The TAtl-371 genome contains the gene BCAL1722 that encodes a chitinase belonging to the family 18 of the glycosyl hydrolases as well as a gene that encodes a predicted chitinase. Using BLAST tools [25] , widely conserved homologues of these genes in several B. cenocepacia strains were identified, but to the best of our knowledge, no studies about antifungal activity brought about by chitinases in this species have been published. Nonetheless, a preliminary test growing strain TAtl-371 on chitin agar plates, showed no chitinolytic activity (data not shown), questioning the expression of these genes. The B. cenocepacia TAtl-371 genome also contains genes that encode for possible resistance to the metalloids arsenate and arsenite and several metal ions, including tellurium, silver, cobalt, zinc, cadmium, copper, and chromate. Genes potentially involved in copper and chromate resistance are common in the genome. In vitro assays with B. cenocepacia TAtl-371, using cobalt, zinc, arsenite, arsenate, chromate, demonstrated resistance only to zinc and chromate with minimal inhibitory concentrations of 20 mM and 10 mM, respectively. Gene clusters for the biosynthesis of cellulose and vanillin were also identified. Both molecules could potentially serve as TAtl-371 metabolites with biotechnological applications.
A search for secretion systems and pilus biosynthesis demonstrated that it encodes for flagella and three chemotaxis systems, at least six different secretion systems: four type II secretion systems, one type III secretion system, and one type VI secretion system (T6SS). It also encodes for type I and IV fimbriae and genes for biofilm formation.
Orthologs of Antimicrobial Genes
Orthologs of the siderophores pyochelin and ornibactin and the phage tail-like bacteriocin gene clusters are located in several Burkholderia sensu stricto genomes [18] . The TAtl-371 LlpA genes showed orthologs in B. cenocepacia, Pseudomonas, Xanthomonas, and Ruminococcus genomes (Fig. 3) . Antibacterial activity of the bacteriocins encoded in these orthologs has been described showing a narrow spectrum only to phylogenetically related strains including TAtl-371 [12, 22] . Also, the tandem arrangement was observed only in Bcc genomes (Fig. 3) . A second predicted chitinase gene (named in this study as chita2) was detected in the smaller scaffold of TAtl-371 (gene locus tag Ga0073272_5789) (Table S1 ). Orthologs of this gene with similar neighborhoods were found in Burkholderia glumae, B. multivorans, Paraburkholderia phymatum, and Enterobacteriaceae genomes (Fig. 3) . In neighborhood with chita2 are four genes coding for the T6SS proteins (Fig. 3) . Unlike Yersinia pestis CA88-4125, Pantoea ananatis AJ13355, and Klebsiella sp. MS 92−3 genomes, there is a complete gene cluster for SST6.
Comparative Genome Analysis
An ANI calculation was used to compare the genome of B. cenocepacia TAtl-371 with the other sequenced Bcc genomes ( Table 2 ). The accepted ANI cut-off for species is 95-96% [26] . An ANI value of > 95.0% confirmed that strain TAtl-371 belongs to the B. cenocepacia species. The phylogenetic analysis using the recA gene sequence (Fig. 1) as well as the ANI values (Table 2) confirmed that B. cenocepacia TAtl-371 belongs to PHDC lineage of B. cenocepacia species [27] , which is formed by strains not only isolated from CF patients but also from natural environments around the world [28] [29] [30] .
The genome of TAtl-371 was compared to B. cenocepacia strains HI2424, MC0-3, AU1054, and J2315 T , since their genomes are complete and would not interfere in observing possible genome rearrangements, insertions and/or deletions. The Mauve analysis showed that strain HI2424 has the highest synteny with TAtl-371 genome, while the strains AU1054 and J2315
T exhibited the largest number of rearrangements, insertions and/or deletions (Fig. 4) . figure online) 
